1. INTRODUCTION 
The BL Lac Object PG 1553ϩ113
The active galactic nucleus (AGN) PG 1553ϩ113 was first reported in the Palomar-Green catalog of UV-bright objects (Green et al. 1986 ). It was the only new BL Lac object found in the survey and the first BL Lac object found in an optical survey. Its spectrum is, typically for BL Lac objects, featureless (Miller & Green 1983) , and the optical variability strong ( ; Miller et al. 1988 ). The spectral characterm p 13.2-15.0 p istics are close to those of X-ray-selected BL Lac objects (Falomo & Treves 1990) , and it is classified in the literature as an intermediate (Laurent-Muehleisen et al. 1999; Nieppola et al. 2006) or high-frequency peaked BL Lac object (Giommi et al. 1995) , as its synchrotron peak frequency lies on the borderline of these two groups.
Despite several attempts, no emission or absorption lines have been found in the spectrum of PG 1553ϩ113 (Falomo & Treves 1990) . Thus only indirect methods can be used to determine the redshift z (e.g., Sbarufatti et al. 2005 Sbarufatti et al. , 2006 . The host galaxy was not resolved in Hubble Space Telescope (HST) images (Urry et al. 2000) ; it is therefore safe to assume z 1 . The observation of very high energy (VHE, defined here 0.25 as GeV) g-ray emission, on the other hand, may per-E տ 100 mit to set an upper limit on z. The g-ray absorption in the extragalactic background light (EBL) by means of e ϩ , e Ϫ pair production (Stecker et al. 1992; Aharonian et al. 2006a) can significantly affect the shape of the observed energy spectrum depending on the source redshift. Based on present-day EBL models and the observed g-ray spectrum, one can derive the intrinsic spectrum as a function of z. Physical constraints on, e.g., the slope of the intrinsic spectrum may then permit the setting of upper limits on the possible redshift (Aharonian et al. 2006b ).
PG 1553ϩ113 belongs to a catalog of X-ray bright objects (Donato et al. 2005) and, based on its spectral energy distribution (SED) properties, was one of the most promising candidates from a list of VHE g-ray emitting candidates proposed by Costamante & Ghisellini (2002) . So far, upper limits on the g-ray emission have been reported by the Whipple collaboration (19% Crab flux above 390 GeV; de la Calle Perez et al. 2003) and Milagro (Williams 2005) . Recently the HESS collaboration has presented evidence for a g-ray signal at the 4 j level (up to 5.3 j using a low energy threshold analysis) above 200 GeV corresponding to about 2% of the Crab flux (Aharonian et al. 2006b ). The energy spectrum was found to have a steep slope with , and an upper limit on the G p 4.0 ‫ע‬ 0.6 stat redshift of was derived. z ! 0.74
The MAGIC Telescope
The MAGIC telescope is located on the Canary Island of La Palma (N28.75Њ, W17.86Њ, 2225 m above sea level). The telescope comprises a 17 m diameter tessellated, parabolic mirror with a total surface of 234 m 2 , a light-weight space frame made from carbon fiber-epoxy tubes, and a camera with 576 hemispherical photomultiplier tubes (PMT) with enhanced quantum efficiency (Paneque et al. 2004) . The field of view of the camera is 3.5Њ while the trigger area covers about 2.0Њ in diameter. The fast PMT analog signals are routed via optical fibers to the DAQsystem electronics in the counting house 80 m away. The signals are digitized by dual range 300 MHz FADCs. MAGIC can explore g-rays at energies down to 50 GeV (trigger threshold, depending on the zenith angle), critical for the observation of medium-redshift VHE sources with steeply falling spectra such as PG 1553ϩ113. The MAGIC telescope parameters and performance are described in more detail in Baixeras et al. (2004) and Cortina et al. (2005) .
Simultaneous with MAGIC, optical observations were performed with the KVA telescope on La Palma, operated remotely from Tuorla Observatory. The main instrument is a 60 cm (f/15) Cassegrain telescope equipped with a CCD capable of polarimetric measurements. A 35 cm auxiliary telescope (f/11) is mounted on the same RA axis. This telescope is used for BVRI CCD photometry.
OBSERVATION AND DATA ANALYSIS
PG 1553ϩ113 was observed with the MAGIC telescope for 8.9 hr in 2005 April and May, i.e., at about the same time when HESS also observed the source, and for 19 hr from 2006 January to April. In addition to the observations with MAGIC and the 35 cm photometric telescope simultaneous data in Xrays were taken with the All Sky Monitor on board the RXTE satellite.
20 Data taken during nonoptimal weather conditions or affected by hardware problems were excluded from the analysis. Also, only data taken at small zenith angles ZA ! 30Њ (corresponding to a low energy threshold that is suitable for a steep energy spectrum) were retained, although measurements went up to 53Њ. After these selection cuts, 7.0 and 11.8 hr of good data remained for 2005 and 2006, respectively. Given the mean ZA of ∼22Њ, g-ray events above ∼90 GeV have been used for the physics analysis.
In addition to the so-called on data from PG 1553ϩ113, off data were taken on a nearby sky position where no g-ray source is expected, but with comparable zenith-angle distribution and night-sky background light conditions. The off data are used to determine the background content in the signal region of the on data. This was done by means of a secondorder polynomial fit (without linear term) to the ALPHA distribution of the normalized off data. The normalization was done in the ALPHA region between 30Њ and 90Њ where no gray events are expected. The ALPHA parameter describes the orientation of a shower image in the camera with respect to the camera center. Air showers that are aligned parallel to the telescope axis do have ALPHA values close to zero. In total, 14.5 hr of off data (6.5 hr from 2005 and 8.0 hr from 2006) have been used for the analysis. Since the two off samples were in good agreement we used the combined data to analyze the individual on data samples.
The data were analyzed using the standard MAGIC analysis programs for calibration, image cleaning, cut optimization, and energy reconstruction (Bretz et al. 2005; Gaug et al. 2005; Wagner et al. 2005) . The primary method for discrimination between hadron-and g-ray-induced showers is based on the random forest (RF) method (Breiman 2001; Bock et al. 2004) , which was trained on off data and Monte Carlo (MC) generated g-ray events. The significance of any excess was calculated according to equation (17) in Li & Ma (1983) , where the onto-off ratio a was derived, taking into account the smaller error from the off-data fit. In addition to the cut optimization, the RF method was also used for the energy estimation based on the image parameters of a statistically independent MC gray sample. The average energy resolution obtained was 24% rms. All MC data used in this analysis were generated using CORSIKA, version 6.019 (Knapp & Heck 2004; Majumdar et al. 2005) . Table 1 . In both years the object was clearly detected with a significance 16 j. The g-ray, X-ray, and optical light curves of PG 1553ϩ113 are shown in Figure 2 . While the optical data show significant short-term variability on the 25% level, the X-ray data are consistent with a constant emission, given the weighted mean of counts s Ϫ1 . In g-rays there is no evidence for 0.15 ‫ע‬ 0.03 short-term variability, but a significant change in the flux level from 2005 to 2006 is found, given a systematic error of the analysis on the flux level of about 30%. The average integral flux between 120 and 400 GeV is given as F p 10. . It should be noted that since 139.1Њ ‫ע‬ 0.4Њ the host galaxy cannot be resolved for this object, the optical flux should correspond to the emission from the AGN core.
The combined 2005 and 2006 differential energy spectrum for PG 1553ϩ113 is shown in Figure 3 . The integral fluxes above 200 GeV and the spectral slope coefficients for the different samples are listed in Table 1 . Effects on the spectrum determination introduced by the limited energy resolution were corrected by "unfolding" according to Mizobuchi et al. (2005) . For comparison, the MAGIC Crab energy spectrum and the HESS PG 1553ϩ113 energy spectrum (Aharonian et al. 2006b ) are also shown. The energy spectrum is well described by a pure power law: . This is also shown in the light curve. The estimated systematic error on the analysis (signal extraction, cut efficiencies, etc.) is 25% (Fig. 3, dark  colored band) and 30% on the energy scale (light colored band).
DISCUSSION
The BL Lac object PG 1553ϩ113 was detected at 8.8 j with the MAGIC telescope in 18.8 hr of observation in 2005 and 2006. This confirms the tentative signal seen by HESS at a higher energy threshold with data taken at about the same time as MAGIC in the 2005 period (Aharonian et al. 2006b ). The source, therefore, can now be considered as firmly detected.
The agreement between the measured HESS and MAGIC energy spectra of PG 1553ϩ113 in 2005 is reasonably good. While the spectral slope is consistent within errors, the absolute flux above 200 GeV in 2005 is a factor of 4 larger than with HESS. This difference may in part be explained by the systematic errors of both measurements, but also by variations in the flux level of the source (the observations with HESS were commenced after those with MAGIC). The observed energy spectrum is steeper than that of any other known BL Lac object. This may be an indication of a large redshift ( ), but can z տ 0.3 as well be attributed to intrinsic absorption at the AGN or, more naturally, to an inverse Compton peak position at lower energies. The spectrum can, however, be used to derive an upper limit on the source redshift from physical constrains on the intrinsic photon index ( ), as discussed in Aharonian G 1 1.5 int et al. (2006b) . Using the lower limit on the evolving EBL density from Kneiske et al. (2004) , we derived a 2 j upper limit on the redshift of . The same value was reported z ! 0.74 by Aharonian et al. (2006b) , where a slightly different EBL model was used. . The gray points comprise nonsimultaneous radio, optical and X-ray data from Giommi et al. (2002) .
The broadband SED of PG 1553ϩ113, together with the results from a model calculation, is shown in Figure 4 . The VHE data points correspond to the intrinsic spectrum of PG 1553ϩ113 as derived for a redshift of . The black points z p 0.3 at low energies denote the average optical and X-ray flux taken at the same time as the MAGIC observations. The gray hatched radio, optical, and X-ray nonsimultaneous data are taken from Giommi et al. (2002) . The solid line shows the result of a model fit to the simultaneously recorded data (black points) using a homogeneous, one-zone synchrotron self-Compton (SSC) model as provided by Krawczynski et al. (2004) . As can be seen from Figure 4 , the g-ray, X-ray, and optical data are well described by the model. This is not the case for the radio data, where intrinsic absorption requires a much larger emitting volume compared to X-rays and g-rays. Except for a somewhat smaller radius of the emitting region, model parameters identical to those in Costamante & Ghisellini (2002) limits on some of these parameters indicate the change of the SED model parameters when varying the assumed redshift from up to (parameters without limits were kept z p 0.2 z p 0.7 constant for all fits). In the case of the SED model z ≥ 0.56 cannot accurately describe the data, and based on the obtained x 2 value, a redshift of 0.56 is excluded on the 4.5 j level. For a comparison of the model parameters with those from other BL Lac objects we refer the reader to Costamante & Ghisellini (2002) .
PG 1553ϩ113 was in a high state in the optical in both years, showing a strong flare at the end of 2006 March. The high linear polarization of the optical emission (8.3% ‫ע‬ ) indicates that a sizeable fraction of the optical flux is 0.2% indeed synchrotron radiation. In g-rays only a significant change in the flux level from 2005 to 2006 is found, while there is no evidence for variability in X-rays. As a result, a possible correlation between the different energy bands cannot be established. A possible connection between the g-ray detection and the optical high state can, however, not be excluded. The optical flare without an X-ray or g-ray counterpart may still be explained by external inverse Compton (EIC) models that predict a time lag of the X-rays and g-rays with respect to the optical emission.
